Study Design. A case-control study. Objective. To determine whether parity and abdominal surgeries are associated with degenerative spondylolisthesis (DS). Summary of Background Data. DS is considered to be a major cause of low back pain (LBP) in the older population, with greater prevalence of DS among women. Because LBP and impaired abdominal muscle function are common during pregnancy and post-partum, parity-related abdominal muscle deficiency, resulting in poor spinal mechanics, could be a factor in the development of DS in women. Indeed a relationship between the number of pregnancies and DS was reported in one study. Methods. A total of 322 women between the ages of 40 and 80 (149 with DS and 173 controls) filled out a questionnaire providing information about their demographics, the number of full-term pregnancies, the number and types of abdominal surgeries (including cesarean section and hysterectomies), and age at menopause among other items. A binary logistic regression was used as a multivariate model to identify the variables associated with DS. Results. Along with age and body mass index as covariates, the number of full-term pregnancies and the hysterectomy were significant predictors of DS. Other abdominal surgeries, cesarean section, or the number of years postmenopause were not significant predictors of DS in this regression model after adjusting for all other significant variables. Conclusion. Each full-term pregnancy seems to be associated with the 22% increase in odds of developing DS. Hysterectomy nearly doubles the odds of DS as compared to women who did not have hysterectomy. Key words: abdominal muscles, degenerative spondylolisthesis, hysterectomy, parity, pelvic floor muscles, pregnancy. Level of Evidence: 4 Spine 2017;42:1643-1647 D egenerative spondylolisthesis (DS) is considered to be one of the major causes of low back pain (LBP) among the older population.
D
egenerative spondylolisthesis (DS) is considered to be one of the major causes of low back pain (LBP) among the older population. 1, 2 It is an acquired condition thought to be secondary to disc degeneration and long-standing intersegmental instability. 3 DS is characterized by an anterior translation of one vertebra upon another (usually L4 on L5), which results in a deformity that narrows and compresses the spinal canal and may lead to progressive symptoms of lumbosacral radiculopathy and spinal stenosis. Spinal surgery is indicated in approximately 15% of DS patients for reducing severe symptoms and restoring function. 1, 4, 5 DS is between three and nine times more common in women than in men. 3, 4, 6 Currently there are no universally supported explanations for this sex difference. Parity-related abdominal muscle deficiency has, however, received some attention as one factor in the development of DS. 7, 8 Sanderson and Fraser 7 were the first to identify pregnancy as a factor in the etiology of DS by documenting the higher incidence of DS in multiparous women than nulliparous. The abdominal muscles' ability to stabilize the pelvis and spine decreases as pregnancy progresses and remains compromised post-partum. 9, 10 Indeed there are compelling data about the increase in LBP during pregnancy and post-partum on the one hand, 11, 12 and the importance of trunk muscles in maintaining spine stability and function on the other. 13 LBP and pelvic pain are very common during pregnancy with the prevalence between 49% and 72%. 12, 14 Various
From the authors identified several different risk factors, but multiparity was one of the most consistently identified factors correlated to LBP during pregnancy and post-partum. 12, [14] [15] [16] [17] [18] Multiple pregnancies might logically have an effect on the abdominal muscle's successive recoveries from abdominal stretch, which could cause loss of spine support in multiparous women.
The connection between LBP and muscle dysfunction is supported by the prospective studies that showed decreased risk of LBP and pelvic pain during pregnancy with prior physical activity or intervention. 19, 20 Indirect evidence consists of observations that muscle function differs between pregnant women with and without LBP. 21, 22 There are also reports indicating that the incidence of LBP and pelvic pain is three to four times more common in post-partum women who have had a cesarean section (CS) as compared to those who have not. 23, 24 Surgical incision through the abdominal muscles may have an even more profound effect on abdominal support, related to muscle healing and scarring, and some loss of muscle innervation and motor control. 25 Unfortunately, research is sparse in this area and more studies are necessary to draw more definitive conclusions and provide sound recommendations regarding the effects of pregnancy and abdominal surgeries on short-and longterm musculoskeletal health. Therefore, the purpose of the present study was to determine whether parity and abdominal surgeries are associated with DS.
MATERIALS AND METHODS
This was a case-control study, in which 322 women between the ages of 40 and 80 years (149 with DS and 173 controls without DS) filled out an extensive questionnaire providing information about their parity and past abdominal surgeries among other items. Women in the DS group were recruited from electronic medical record searches, direct mailers, or from several local orthopedic clinics when presenting with a complaint of LBP. Control women were recruited from the local population through advertisement. The majority of group assignment was verified on a lateral x-ray, but 22 DS and 19 control subjects were classified based on their magnetic resonance imaging (MRI) records. When imaging studies were not already available from the medical records, lateral standing x-rays were obtained in one of the collaborating orthopedic spine clinics. The criterion for inclusion in the DS group was a minimum of 5% anterior slip measured in the lumbar region. 26 This measurement method had excellent reliability among the three surgeons in our study reading 30 x-rays (16 DS and 14 non-DS) (98% concordance, kappa ¼ 0.93-1.00). When a control subject was detected with DS, she was assigned to the DS group. Because DS is a progressive, degenerative-type disease, the presence of clinical symptoms was not necessary to classify a participant as a DS subject. The exclusion criteria were previous spinal surgery, traumatic injury, and not being independently ambulatory. The study was approved by the institutional review board. All subjects read and signed an informed consent form.
The eligible participants filled out a 28-item, online questionnaire developed by our research team (see Appendix, http://links.lww.com/BRS/B269), and the modified Oswestry Disability Index, 27 and Health Assessment Questionnaire. 28 In addition to the demographics, primary variables of interest included the number of full-term pregnancies, the number and types of abdominal surgeries (including CS and hysterectomies), and age at menopause. Initially, Pearson Chi-square, or independent t tests were used to identify variables that differed between the groups as potential predictors for a multivariate model. These variables were then entered in a stepwise manner into a binary logistic regression model constructed to predict group assignment (DS or control). Significance level of 0.05 was used as a threshold for the predictor variables inclusion into or exclusion from the model. Minitab statistical software (v. 13.32, Minitab, Inc., State College, PA) was used for all statistical analyses.
RESULTS
The key characteristics of participants are presented in Table 1 . In the DS group, one woman had a slip at L2-L3, 14 at L3-L4, 121 at L4-L5, and 13 at L5-S1 lumbar levels. Four women had another level involved in addition to L3-L4 (three at L4-L5 and one at L5-S1). In general, women with DS were significantly older, had higher body mass index (BMI), and suffered more pain and disability as measured by the Oswestry Disability Index and Health Assessment Questionnaire scores ( Table 1) .
The initial group comparisons of potential predictor variables pertinent to our hypothesis revealed a significantly higher proportion of hysterectomies, other abdominal surgeries, and full-term pregnancies among women with DS. The percentage of CS, however, did not differ significantly between the groups (Table 1) . Along with age and BMI as covariates, the number of full-term pregnancies and the hysterectomy resulted in a binary logistic regression model producing 73% of concordant observations ( Table 2) . Of note are the 22% greater odds of developing DS for each full-term pregnancy. Hysterectomy nearly doubled the odds of developing DS (98% increase) as compared to women who did not have hysterectomy. Once parity, hysterectomy, age, and BMI were included, other abdominal surgeries, CS, or the number of years postmenopause were not significant predictors of DS in this regression model.
DISCUSSION
In the present study, we have found a significant association between the number of pregnancies and hysterectomies, and DS. These results support our hypothesis that the number of full-term pregnancies might be a risk factor for developing DS later in life. A history of abdominal surgeries or CS was, however, not associated with DS. Instead, we found that having had hysterectomy was a significant predictor of DS. Therefore, based on these results, it is difficult to conclude that DS is mediated by impaired abdominal muscle function. Two possibilities with which our results would be consistent are hormonal effects and impaired function of pelvic floor muscles.
Both pregnancies and hysterectomies lead to hormonal changes that could affect the degenerative process. The suggestion of hormonal effects in the development of DS is based on the observation of a three times greater incidence of DS in oophorectomized than nonoophorectomized women. 29 This hypothesis is, however, not consistent with the lack of estrogen receptors in facet joint capsules 30 and the lack of association between osteoporosis and osteopenia, which are hormonally related, and the presence of DS. 3 In addition, similar to Jacobsen et al, 6 we found no association between the number of years postmenopause (corrected for age as a covariate) and the presence of DS. Finally, other studies that failed to find an association between DS and oophorectomies 31, 32 make the hormonally mediated development of DS a tenuous hypothesis.
Although hormonal effects should not be dismissed entirely in a multifactorial model of DS, our results are more consistent with the possibility that both multiparity and hysterectomy resulted in some deficit of the pelvic floor muscles, leading to the development of DS. Impaired function of these muscles has been identified as a contributing factor to LBP, and treatment emphasizing pelvic floor training has been shown to decrease LBP. 22,33 -35 Along with the trunk muscles (abdominal and back) and diaphragm, pelvic floor muscles contribute to the stability of the spine by allowing for intra-abdominal pressure to be generated. 36 Considering vaginal childbirth and hysterectomy surgery have been shown to negatively affect pelvic floor structures and functions, [37] [38] [39] [40] [41] [42] [43] it is conceivable that impaired pelvic floor muscles may be, in part, responsible for diminished control of the lumbar spine. Decreased ability to maintain intra-abdominal pressure that helps trunk muscles to stiffen the spine may lead to DS in the long-term. There are several limitations to the present study. There could have been a selection bias, because cases and controls were recruited by different means (medical record search vs general advertisement for DS and control subjects, respectively). Because it was a survey-based study, all data were self-reported, which may have introduced recall bias. We do not have the exact information about the type of hysterectomies (full, partial, with, or without oophorectomy, etc.) or hormonal status. Similarly, we do not know the details of abdominal surgeries (incision or laparoscopic). Age at menopause has to be treated as approximate. Because of various sources of imaging, they were not standardized, and we were unable to measure pelvic incidence, pelvic tilt, or facet sagittalization, which are often-reported risk factors for DS. 26,44 -46 As a result, these radiographic variables were not included in our statistical model. Finally, considering DS can be missed on MRI imaging in a recumbent position, 47 there is a possibility that some of the 19 control subjects, for whom the MRI records were used to rule out DS, could constitute false-negative cases.
Notwithstanding these limitations, our study had a large sample size, which increases the statistical power of the results. To our knowledge, this is the first report that identifies hysterectomy as a potential risk factor for DS, adding to our understanding of the etiology of this disease. Future studies should explore hysterectomy, pelvic floor muscle deficit, and hormonal effects in greater detail in a multivariate model to further elucidate the role of these factors in DS.
Key Points
Multiparity and the hysterectomy were associated with degenerative spondylolisthesis in the binary logistic regression model. Other abdominal surgeries, CS, or the number of years postmenopause were not associated with degenerative spondylolisthesis in this regression model after adjusting for all other significant variables. The results suggest a possibility of the pelvic floor muscle dysfunction in the etiology of degenerative spondylolisthesis.
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